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YROWDJH7KHUHDUHKRZHYHUVHYHUDOVWXGLHVRQWKHSURSHUWLHVRIWKHR[LGH¿OPV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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ZKLFKVKRZWKDWWKHFRPSRVLWLRQDQGPLFURVWUXFWXUHRIWKHDQRGLF
R[LGHVDUHDOVRVWURQJO\GHSHQGHQWRQRWKHUIDFWRUVVXFKDVHOHFWURO\WHFRQFHQWUDWLRQWHPSHUDWXUHDQGDQRGLFVXUIDFH
FRQGLWLRQV$VFRQVHTXHQFHWKHUHSURGXFLELOLW\RIWKHFRORUVREWDLQHGZLWKWKLVWHFKQLTXHGHSHQGVRQWKHHIIHFWLYH
FRQWURORI WKHVHSDUDPHWHUV ,Q VRPHFDVHV WKLV FRQWURO FDQQRWEH HQVXUHGRYHU WKH WLPH IRU H[DPSOH WKHTXDOLW\
HOHFWURO\WHFRQFHQWUDWLRQLVH[SHFWHGWRGHFUHDVHZLWKWKHXVHRUWKHH[SHFWHGUDQJHRIFKDQJHVPDNHVLPSRVVLEOHWR
REWDLQDFHUWDLQWDUJHWFRORU2QWKHRWKHUKDQG WKHREVHUYHGFRORURI WKHZRUNSLHFHDIWHUDQRGL]LQJLVGXHWR WKH
IRUPDWLRQRIDWLWDQLXPR[LGHOD\HU,QWHUIHUHQFHEHWZHHQWKHOLJKWUHÀHFWLQJIURPWKHVXUIDFHVRIWKHPHWDODQGWKH
R[LGH FRDWLQJ FDQEH FRQVWUXFWLYH RUGHVWUXFWLYH DW SDUWLFXODUZDYHOHQJWKV GHSHQGLQJRQ WKH R[LGH¿OP WKLFNQHVV
6KDUPD$VDUHVXOWRI LQWHUIHUHQFHRI WKHUHÀHFWHGEHDPVDFRORUHIIHFWFDQEHREWDLQHG7KHUHIRUH WKH
WKLFNQHVV RI WKH R[LGH OD\HU WKH RUGHU RI LQWHUIHUHQFH DQG LWV UHIUDFWLYH LQGH[ GHWHUPLQH WKH FRORU VSHFWUXP
REVHUYHG
7KHODVHULQGXFHGFRORULQJWHFKQLTXHKDVEHHQNQRZQIRURYHU\HDUV%DXID\HWDOEXWLWKDVQRWEHHQ
XVHG ZLGHO\ LQ WKH LQGXVWU\ DV LW KDV EHHQ FRQVLGHUHG GLI¿FXOW WLPHFRQVXPLQJ DQG PRVW LPSRUWDQWO\ QRW
UHSHDWDEOH$VH[SODLQHGDERYHWKHUHSURGXFLELOLW\LVDOVRDELJLVVXHLQWKHDQRGL]DWLRQSURFHVVEXWWKHDGGLWLRQDO
GLIIHUHQFH LQ WKLV FDVH LV WKDW WKH HTXLSPHQW LV TXLWHPRUH VRSKLVWLFDWHG DQG H[SHQVLYH ,Q FRQWUDVW WR DQRGL]LQJ
ODVHULQGXFHGFRORULQJGRHVDOORZHLWKHUVHOHFWLYHPDUNLQJRUPRUHWKDQRQHFRORUDWDWLPH6RLIDUHSHDWDEOHODVHU
SURFHVVFRXOGEHIRXQGE\SUHFLVHFRQWUROOLQJDOOWKHSDUDPHWHUVLQYROYHGLQWKHJURZQRIWKHWLWDQLXPR[LGHOD\HU
WKH DGGLWLRQDO DGYDQWDJHV FRXOG RYHUFRPH WKH SULFH RI WKH HTXLSPHQW RI WKH ODVHULQGXFHG SURFHVV 7KLV
FKDUDFWHULVWLF LV SDUWLFXODUO\ LQWHUHVWLQJ IRU WKH FDVHRIKLJKYDOXH7LSLHFHV LQZKLFK WKHQXPEHURIXQVXFFHVVIXO
FRORUHG SLHFHV E\ XVLQJ DQRGL]DWLRQ FRXOG MXVWLI\ WKH XVH RI D ODVHULQGXFHG FRORULQJ WHFKQLTXH 6RPH SUHYLRXV
H[SHULHQFHV RI ODVHULQGXFHG FRORULQJ RI WLWDQLXP FDQ EH IRXQG LQ VHYHUDO SDSHUV )RU H[DPSOH /DQJGDOH HW DO
WUHDWHGFRPPHUFLDOO\SXUHWLWDQLXPZLWKDSXOVHG1G<$*ODVHU±N+]IUHTXHQF\±PPVWUDYHUVH
VSHHG 7KH DXWKRUV FRQFOXGHG WKDW OD\HU WKLFNQHVV PD\ KDYH DQ HIIHFW EXW WKH GLIIHUHQW FRORUV WKH\ REVHUYHG
FRUUHVSRQGHGPDLQO\WRGLIIHUHQWWLWDQLXPR[LGHV$VLPLODUVWXG\E\3HUH]GHO3LQRHWDO1G<$*ODVHU
N+]IUHTXHQF\:PHDQSRZHU±PPVFRQ¿UPHGWKHVHUHVXOWVDGGLWLRQDOO\DJUHDWHUUDQJHRIR[LGHV
ZDV IRXQG WR IRUPDW KLJKHU HQHUJLHV+RZHYHU D ODWHU VWXG\E\ WKH VDPH DXWKRUV 3HUH]GHO3LQR HW DO 
FRPSDULQJ WKH FRORUV REWDLQHG IURP DQRGL]LQJ DQG ODVHU WUHDWLQJ WLWDQLXP FRQFOXGHG WKDW OLJKW LQWHUIHUHQFH
SKHQRPHQRQZLWKLQDQXSSHU7L2VXUIDFHOD\HUZDVWKHPHFKDQLVPLQERWKFDVHV([LVWLQJOLWHUDWXUHLQWKHILHOGFDQ
SURYLGHDJXLGHEXWPDQ\IDFWRUVDUHGLIILFXOWWRSUHGLFW)RUH[DPSOHWKHSURFHVVLQJSDUDPHWHUVXVHGE\3pUH]GHO
3LQRHWDODQGDQG$QWRĔF]DNHWDOWRLQGXFHFRORULQJGLIIHUE\DIDFWRULQWKHUDQJHIURPWR
7KHUHDVRQIRU WKLVPD\EHH[SODLQHGLQ WHUPVRIDGGLWLRQDOQRQFRQWUROOHGSDUDPHWHUV WKDW LQIOXHQFHWKHUHVXOWLQJ
FRORUV$QWRĔF]DNHWDOVKRZFOHDUO\WKDWWKHLQIOXHQFHRIWKHWUHDWHGVL]HWKHIRFDOSRVLWLRQUHODWLYHWRWKH
VXUIDFHWKHLQLWLDOWHPSHUDWXUHDQGWKHSRVLWLRQRIWKHPDUNHG¿HOGZLWKLQWKHZRUNLQJDUHDSOD\DQLPSRUWDQWUROH
IRU WKH FRORUV REWDLQHG VR RQH FDQ FRQFOXGH WKDW VPDOO GHYLDWLRQV RI QRQFRQWUROOHG SDUDPHWHUV ZRXOG SURGXFH
GLIIHUHQW UHVXOWV DQG FRQFOXVLRQV 7KLV DJUHHVZLWK WKH GLIIHUHQFHV IRXQG LQ WKH OLWHUDWXUH DQG LPSRVHV LPSRUWDQW
UHTXLUHPHQWVIRUWKHVHWXSRIDODVHULQGXFHGFRORULQJVWDWLRQDVWKHODVHUVWDELOLW\WKHUPDOWUDQVSRUWRIWKHIL[WXUH
IRFXVSRVLWLRQVFDQQHUVSHHGUDVWHUHWF
,Q WKLV SDSHUZH IRFXVRQREWDLQLQJ FHUWDLQ FRORUV \HOORZEOXHSXUSOH DQGJUHHQRQ VPDOO VXUIDFHVRI7LE\
WDNLQJDGYDQWDJHRIDOOWKLVSUHYLRXVFRQFOXVLRQVDERXWUHSURGXFLELOLW\:HGHPRQVWUDWHWKDWUHSURGXFLEOHFRORUVFDQ
EHREWDLQHGZLWKODVHULQGXFHGWHFKQLTXHE\XVLQJDVSHFLILFFRPELQDWLRQRISDUDPHWHUVDQGH[SHULPHQWDOVHWXS
1.1. Experimental setup 
7KH VWXG\ ZDV SHUIRUPHG IRU WKH FRPPRQO\ XVHG023$ FRQ¿JXUDWLRQ <EJODVV ¿EHU ODVHU  QP ZLWK
PD[LPXP DYHUDJH RXWSXW SRZHU : DQG SRZHU DGMXVWPHQW UDQJH   EHDP TXDOLW\ IDFWRU 0   
VHOHFWDEOHSXOVHGXUDWLRQVLQWKHUDQJHQVDQGVHOHFWDEOHSXOVHUHSHWLWLRQUDWHVLQWKHUDQJHN+],3*
W\SH</30[7KHV\VWHPLVHTXLSSHGZLWKD6FDQODEYDULR6FDQZLWKH[SDQVLRQIDFWRU[DQGD
JDOYDQRPHWULF VFDQQHUKXUU\6&$1 ,,ZLWK PPFOHDU DSHUWXUH WKDW DOORZV WKHEHDP WR EH GHÀHFWHG7KH ODVHU
EHDPZDV IRFXVHGRQ WKH WDUJHW WKURXJKDPPIRFDO OHQJWK)7KHWD OHQV ,QDGGLWLRQ WKHYDULR6FDQDOORZVD
PD[LPXPDFKLHYDEOH]VKLIWLQSURFHVVLQJYROXPHDSSUR[PPLQFRPELQDWLRQZLWK)7KHWDOHQV7KLVIHDWXUH
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DOORZ XV WR SODFH WKH IRFXV DFFXUDWHO\ RQ WKH SURFHVVLQJ VXUIDFH 7KH EHDP GLDPHWHU DW WKH IRFDO SRLQW ZDV
DSSUR[LPDWHO\P$GLDJUDPRIWKHV\VWHPLVVKRZQLQILJ

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WHFKQLTXH,QILJXUHZHVKRZWKHREWDLQHGPD[LPXPDYHUDJHSRZHUDQGHQHUJ\SHUSXOVHDVIXQFWLRQRIWKHSXOVH
UHSHWLWLRQIUHTXHQF\IRUGLIIHUHQWSXOVHZLGWKV7KHVKRUWWHUPVWDELOLW\RIWKLVODVHULVEHWWHUWKDQ

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SDUDPHWHUVIRUWKHWDUJHWVXUIDFHVWREHWUHDWHGFURVVVHFWLRQRIVPDOO7LDQG7L$O9SLSHVZLWKPPPLQLPXP
LQQHUGLDPHWHUDQGPPPD[LPXPRXWHUGLDPHWHUILUVWO\ZHXVHG7LDQG7L$O9SODWHVZLWKGLPHQVLRQVRI
[FP$UHDVRIPPZHUH LUUDGLDWHGZLWKGLIIHUHQW ODVHUSDUDPHWHUVKDWFKLQJGLVWDQFHVDQGSDWWHUQV ,Q
RUGHUWRH[SORUHGHYLDWLRQVRIWKHSURFHVVLQJSDUDPHWHUVRQVPDOOHUVXUIDFHVZHDOVRLUUDGLDWHGF\OLQGULFDOVDPSOHV
RIPPDQGPPGLDPHWHU7KHFRORUHGDUHDZDVPPDQGPP UHVSHFWLYHO\7KHREWDLQHG
UHVXOWVRQWKHVHVDPSOHVZHUHXVHGDVDJXLGHIRUWKHWUHDWPHQWRIWKHWDUJHWVDPSOHV$OOWHVWVZHFDUULHGRXWDWURRP
WHPSHUDWXUH
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5HVXOWV
$ PDWUL[ SDUDPHWUL]DWLRQ RQ SXUH 7L DQG 7L$O9 DOOR\ SODWHV ZDV SHUIRUPHG YDU\LQJ WKH ODVHU SRZHU DQG
VFDQQLQJ VSHHG IRU WZR GLIIHUHQW KDWFKLQJ GLVWDQFHV DQG SDWWHUQV 7KH SDUDPHWHUV VHOHFWHG IRU WHVWLQJ FRORUV DUH
VKRZQLQWDEOH
7DEOH,QLWLDOVHOHFWHGODVHUSDUDPHWHUV
3DUDPHWHUV 9DOXHV
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6SHHGRIVFDQQLQJ9>PV@ ±LQVWHSVRI
3XOVHUHSHWLWLRQUDWH>N+]@ 
3XOVHZLGWK>QV@ 
+DWFKLQJK>P@ RU
+DWFKLQJSDWWHUQ 6FDQRQVDPHGLUHFWLRQ+3)RU
DOWHUQDWLQJGLUHFWLRQV+37
 
5HJDUGLQJ WKH KDWFKLQJ SDWWHUQ ZH QRWH WKDW WKH VFDQQLQJ OLQHV PD\ EH SHUIRUPHG E\ VFDQQLQJ RQ WKH VDPH
GLUHFWLRQ KDWFKLQJSDWWHUQ IDOVH+3)RU DOWHUQDWLQJGLUHFWLRQV KDWFKLQJSDWWHUQ WUXH+37 LH SHUIRUPLQJ WKH
VFDQLQWKHRSSRVLWHGLUHFWLRQWRWKHSUHYLRXVOLQH,QWKLVZD\WKHWRWDOVFDQQLQJWLPHFDQEHUHGXFHGZLWKUHVSHFWWR
WKH+3)+RZHYHUDVVKRZQLQILJXUHVDQGWKLVKDVDQLQIOXHQFHRQWKHUHVXOWVWKDWKDVWREHDQDO\]HG

)LJ%HVWUHVXOWVRQ7LSODWHVXVLQJN+]SXOVHUHSHWLWLRQUDWHDQGQVSXOVHZLGWKD+DWFKLQJPP+3)E+DWFKLQJPP+37
0DWUL[SDUDPHWUL]DWLRQLVDVIROORZVKRUL]RQWDOD[LVSRZHUYDULDWLRQIURPOHIWWRULJKWIURPWRLQVWHSVRI9HUWLFDOD[LVVFDQQLQJ
VSHHGYDULDWLRQIURPWRPVLQVWHSVRIPV

,QILJZHVKRZWKHEHVWUHVXOWVRQ7LSODWHV)RUWKH+3)SURFHGXUHWKLVRFFXUVDWPPKDWFKLQJDQGDW
PPKDWFKLQJIRU+37$VVKRZQWKH+3)SURFHGXUHVHHPVWRSURGXFHEHWWHUUHVXOWVLQWHUPVRIFRORUKRPRJHQHLW\
)XUWKHUPRUHLWKDVEHHQREVHUYHGWKDWWKHFRORUKRPRJHQHLW\GHFUHDVHVLIWKHKDWFKLQJGLVWDQFHLVIXUWKHUGHFUHDVHG
XVLQJWKHVDPHODVHUSDUDPHWHUV7KLVFDQEHFOHDUO\VHHQLQILJLQZKLFKZHVKRZWKHUHVXOWVRQ7L$O9SODWHV
7KHREWDLQHGFRORUVRISLFWXUHERIWKLVILJXUHDUHOHVVKRPRJHQRXVFRPSDUHGWRWKRVHRISLFWXUHDXVLQJDKLJKHU
KDWFKLQJGLVWDQFH5HJDUGLQJKDWFKLQJSDWWHUQZHREVHUYHWKHVDPHEHKDYLRUDVRQWKH7LVDPSOHV,QWKLVFDVHXVLQJ
WKH+37SURFHGXUHLWKDVQRWEHHQSRVVLEOHWRREWDLQDQDFFHSWDEOHFRORUJDPXWIRUWKHUDQJHRISRZHUDQGVFDQQLQJ
VSHHGVWXGLHG

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
)LJ%HVWUHVXOWVRQ7L$O9SODWHVXVLQJN+]SXOVHUHSHWLWLRQUDWHDQGQVSXOVHZLGWKD+DWFKLQJPP+3)E+DWFKLQJPP
+3)F+DWFKLQJPP+370DWUL[SDUDPHWUL]DWLRQLVDVIROORZVKRUL]RQWDOD[LVSRZHUYDULDWLRQIURPOHIWWRULJKWIURPWRLQVWHSVRI
9HUWLFDOD[LVVFDQQLQJVSHHGYDULDWLRQIURPWRPVLQVWHSVRIPVH[FHSWLQFLQZKLFKWKHUDQJHLQIURPWRPV

3LFWXUHVDDQGFRIILJFDQEHGLUHFWO\FRPSDUHGZLWKWKRVHRIILJVLQFHWKHSURFHVVLQJSDUDPHWHUVDUHWKH
VDPH6PDOOFRORUVGLIIHUHQFHVDUHSHUFHSWLEOHEHWZHHQWKHPDWUL[SDUDPHWUL]DWLRQRIWKH7LVDPSOHVDQG7L$O9
DOOR\ SODWHV 7KH 7L$O9 DOVR NQRZQ DV 7L JUDGH  LV WKH PRVW FRPPRQO\ XVHG DOOR\ EHFDXVH RI WKH EHWWHU
PHFKDQLFDO SURSHUWLHV FRPSDUHG WR SXUH 7L $OWKRXJK LW KDV D KLJK SHUFHQWDJH RI 7L DERXW  GLIIHUHQW
SURFHVVLQJ SDUDPHWHUV FRXOG EH H[SHFWHG IRU WKH ODVHU LQGXFHG FRORULQJ WHFKQLTXH GXH WR WKH SUHVHQFH RI IXUWKHU
HOHPHQWVVXFKDVDOXPLQXPDQGYDQDGLXP
,Q RUGHU WR PDNH H[SOLFLW WKH LPSRUWDQFH RI WKH VWDELOLW\ RI WKH ODVHU V\VWHP LQ ILJ  ZH VKRZ WKH IRXQG
GLIIHUHQFHV LQ WKH FRORUVSURGXFHGZLWK WKLV WHFKQLTXHRQ7L VDPSOHV EXW XVLQJ D GLIIHUHQW ODVHU D ODPSSXPSHG
1G<$*ODVHUZLWKOHVVVKRUWWHUPSRZHUVWDELOLW\LQWKHRUGHU7KHFRQILJXUHGSDUDPHWHUVLQILJEIRUWKH
ODPSFXUUHQWDQGWKHSXOVHUHSHWLWLRQIUHTXHQF\DUHWKHVDPHEXWWKHREWDLQHGSRZHUVOLJKWO\FKDQJHVRYHUVHYHUDO
GD\V$VFRQVHTXHQFHWKHFRORUVREWDLQHGGRQRWKDYHWKHVDPHFKDUDFWHULVWLFV


)LJD&DOFXODWHGVWDELOLW\RYHUILYHFRQVHFXWLYHGD\VLQDODPSSXPSHG1G<$*ODVHUDVIXQFWLRQRIWKHODPSFXUUHQWE/DVHULQGXFHG
FRORULQJRQD7LSODWHZLWKWKHODPSSXPSHG1G<$*ODVHURIDXVLQJWKHVDPHSDUDPHWHUVIRUILYHFRQVHFXWLYHGD\V7KHFKDUDFWHULVWLFVRIWKH
FRORUVREWDLQHGXVLQJWKHVDPHSURFHVVLQJSDUDPHWHUVDUHGLIIHUHQW
2QFHDVHWRISDUDPHWHUVIRUWKHFRORULQJRI7LDQG7L$O9VDPSOHZDVREWDLQHGWKHQH[WVWHSZDVWRFKHFNWKH
SRVVLELOLW\RILQGXFLQJFRORUVRQVPDOOHUWLWDQLXPVXUIDFHV)RUWKLVWKHVDPHWHVWVGHVFULEHGDERYHZHUHSHUIRUPHG
RQF\OLQGULFDOVDPSOHV7KHUHVXOWVDUHVKRZQLQILJ

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

)LJ5HVXOWVRQF\OLQGULFDOVDPSOHVXVLQJN+]SXOVHUHSHWLWLRQUDWHDQGQVSXOVHZLGWKD3XUH7LKDWFKLQJPP+3)E7L$O9
DOOR\KDWFKLQJPP+3)0DWUL[SDUDPHWUL]DWLRQLVDVIROORZVDKRUL]RQWDOD[LVSRZHUYDULDWLRQIURPOHIWWRULJKWIURPWRLQVWHSVRI
YHUWLFDOD[LVVFDQQLQJVSHHGYDULDWLRQIURPWRPVLQVWHSVRIPVEKRUL]RQWDOD[LVSRZHUYDULDWLRQIURPOHIWWRULJKWIURP
WRLQVWHSVRIYHUWLFDOD[LVVFDQQLQJVSHHGYDULDWLRQIURPWRPVLQVWHSVRIPV

$GLUHFWFRPSDULVRQRIWKHSLFWXUHVRIILJDQGVKRZFRORUYDULDWLRQXVLQJWKHVDPHSDUDPHWHUV8VLQJWKHVH
SDUDPHWHUVQRFRORUDWLRQDWORZSRZHUZDVREWDLQHGZLWKWKHF\OLQGULFDOVDPSOHVWKHUHVXOWVRIILJDLQ7L6R
WKHVL]HVHHPVWRKDYHDQLQIOXHQFHIRUWKHODVHUFRORULQGXFHGWHFKQLTXHWKURXJKWKHGLIIHUHQWWKHUPDOGLVVLSDWLRQ
JHRPHWU\ FRPSDUHG WR WKH SODWH VDPSOHV 7KLV LV DOVR LQ DJUHH ZLWK $QWRĔF]DN HW DO  ZKR IRXQG FRORU
GHSHQGHQFHRQWKHVL]HRIWKHLUUDGLDWHGDUHD$OOWKHVHUHVXOWVLQIRUPXVWKDWWKHUHDUHPDQ\IDFWRUVWKDWLQIOXHQFH
WKHREWDLQHGFRORUVDQGFRORUJDPXWDQGDOWKRXJKWKHSDUDPHWHUVXVHGLQWKLVZRUNFDQVHUYHDVDJXLGHWKHILQDO
SDUDPHWHUVRID WDUJHWSLHFH WREHFRORUHGZLWK WKLV WHFKQLTXHKDYH WREHDGMXVWHGDQGRSWLPL]HGIRU UHSURGXFLEOH
UHVXOWV
,Q JHQHUDO FRORUV JROG\HOORZ UHG SXUSOH DQG EOXH FDQ EH REWDLQHG DGMXVWLQJ WKH SDUDPHWHUV IRU WKH WDUJHW
PDWHULDODQGVL]H+RZHYHUWKHJUHHQFRORUREWDLQHGDWWKHKLJKHVWSRZHUVDQGORZHVWVFDQQLQJVSHHGVLQWKHPDWUL[
SDUDPHWUL]DWLRQVHHILJEEDQGDDQGELVIDUIURPEHLQJRSWLPDO,QWKHDUWLFOHE\$QWRĔF]DNHWDO
DOVRQRJUHHQFRORUZDVUHSRUWHG7KHVDPHHIIHFWRFFXUVXVLQJWKHDQRGL]DWLRQWHFKQLTXHZKLFKSURGXFHV
PXWHGJUHHQFRORUZLWKORZUHSURGXFLELOLW\UDWHVFRPSDUHGZLWKDQRWKHUFRORUV6RLWVHHPVWKDWWKHUHDVRQVIRUWKLV
KDYHPRUH WRGRZLWK WKHVSHFLILF LQWHUIHURPHWULFRSWLFDOSURSHUWLHVRI WKH7LR[LGH OD\HUV WRUHIOHFWDJUHHQFRORU
WKDQZLWKDQLQWULQVLFOLPLWDWLRQRIWKHWHFKQLTXH
2QFHDVHWRISDUDPHWHUVVXLWDEOHIRULQGXFLQJFRORUVERWKLQSODWHVDVZHOODVLQVPDOOF\OLQGULFDOVDPSOHVZDV
IRXQGWKHQH[WVWHSZDVWRWHVWWKHPRQWKHWDUJHWVDPSOHV7KHUHVXOWVDUHVKRZQLQILJVDQG,QFRQWUDVWWRWKH
VDPSOHSODWHVDQGF\OLQGHUVWKHLQFUHDVHRIWKHSXOVHZLGWKXSWRQVVHHPVWRSURGXFHPRUHYLYLGFRORUVRQWKLV
VDPSOHW\SHZLWKDVPDOOHUVXUIDFHWREHWUHDWHG



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
)LJ%HVWUHVXOWVRIJROG\HOORZDEOXHEDQGSXUSOHFFRORUVRQWKH7LWDUJHWVDPSOHV7KHFRORUHGDUHDVDUHDQGPP
UHVSHFWLYHO\7KHXVHGSDUDPHWHUVFDQEHIRXQGLQWDEOH



)LJ%HVWUHVXOWVRIJROG\HOORZDEOXHEDQGSXUSOHFFRORUVRQWKH7L$O9DOOR\WDUJHWVDPSOHV7KHFRORUHGDUHDVDUHDQG
PPUHVSHFWLYHO\7KHXVHGSDUDPHWHUVFDQEHIRXQGLQWDEOH
7DEOH/DVHUSDUDPHWHUVIRUWKHWDUJHWVDPSOHV
3DUDPHWHUV )N+] 3 9PV +DWFKLQJPP 3XOVHZLGWKQV
*ROG\HOORZRQ7L       
*ROG\HOORZRQ7L$O9       
%OXHRQ7L       
%OXHRQ7L$O9       
3XUSOHRQ7L       
3XUSOHRQ7L$O9       

$OVRDQDGMXVWPHQWRIWKHSXOVHUHSHWLWLRQUDWHIRUWKHJROG\HOORZFRORUGRZQWRN+]VHHPVWRLPSURYHWKH
KRPRJHQHLW\RIWKHUHVXOW
5HJDUGLQJWKHXVHGSDWWHUQVLWLVLPSRUWDQWWRPHQWLRQWKDWWKHVFDQQLQJVSHHGLQDVFDQQLQJOLQHLVQRWFRQVWDQW
,Q IDFW DW WKH EHJLQQLQJ RI WKH OLQH WKHUH LV DFFHOHUDWLRQ IURP ]HUR XS WR WKH VHW VFDQQLQJ VSHHG DQG DW WKH HQG
GHFHOHUDWLRQGRZQWR]HUR$OWKRXJKPRGHUQVFDQQHUVDUHFRQILJXUHGWRPLQLPL]HWKLVHIIHFWLWLVFHUWDLQO\DOZD\V
SUHVHQW:HREVHUYHWKLVLQIOXHQFHHVSHFLDOO\DWWKHEHJLQQLQJRIWKHVFDQLQVRPHRIWKHREWDLQHGFRORUVLQILJV
DQGLQWKHPDWUL[SDUDPHWUL]DWLRQXVLQJ+3)SDWWHUQV,QRUGHUWRDYRLGWKLVWKHUHDUHVHYHUDOVWUDWHJLHVWKDWFDQEH
SHUIRUPHG ,QRXU FDVHZHKDYH WHVWHG WZRSRVVLELOLWLHV5HJDUGLQJ WKH ILUVWRQHZHQRWH WKDW WKH VXUIDFHVRI WKH
WDUJHWVDPSOHVDUHDERXWPPDERYHWKHIL[WXUHVXUIDFHDQGWKHUHIRUHE\H[WHQGLQJWKHVFDQQLQJRXWWKHHGJHV
RIWKHSLHFHVDKRPRJHQRXVFRORURQWKHVXUIDFHVLVSURGXFHGZLWKRXWJHQHUDWLQJDQ\HIIHFWRQWKHIL[WXUH,QIDFW
WKHODVHUEHDPDWWKHIL[WXUHVXUIDFHLVRXWRIIRFXV7KHVHFRQGVWUDWHJ\WHVWHGZDVWRSHUIRUPDVSLUDOSDWWHUQ7KLV
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SDWWHUQKDVDVDGYDQWDJHWKDWDFLUFXODUFRQWUROOHGDUHDFDQEHLUUDGLDWHG,QWKLVZD\DFLUFXODUSRUWLRQRIDVXUIDFH
FDQEHFRORUHGZLWKRXWDQ\DSSUHFLDEOHHIIHFWLQWKHRYHUDOOJHQHUDWHGFRORU%RWKVWUDWHJLHVSURGXFHWKHVDPHUHVXOWV
ERWKRQWKHF\OLQGULFDOVDPSOHVRIILJDVZHOODVLQWKHWDUJHWVDPSOHVRIWKHILJVDQG7KHFRORUVREWDLQHGLQ
WKHVDPSOHVRIILJZHUHREWDLQHGXVLQJWKHVSLUDOSDWWHUQ6RPHRIWKHVHVDPSOHVZHUHQRWFRUUHFWO\DOLJQHGLQWKH
IL[WXUHZLWKUHVSHFWWRWKHJHQHUDWHGSDWWHUQDQGWKHUHIRUHQRWWKHZKROHDUHDRIWKHVDPSOHZDVWUHDWHG,QRUGHUWR
DYRLGWKLVDQGVLQFHQRFRQVWUDLQWRWKHDUHDWREHFRORUHGZDVHVWDEOLVKHGIRUWKHWDUJHWVDPSOHVRIILJVDQGZH
XVHD+3)OLQHSDWWHUQH[WHQGLQJWKHSDWWHUQRXWWKHHGJHVRIWKHSLHFHV
&RQFOXVLRQ
:HKDYHSUHVHQWHGUHVXOWVRIODVHULQGXFHGFRORUVRQVPDOOVXVIDFHVRI7LDQG7L$O9DOOR\DOVRFDOOHG7LJUDGH
$VLQSUHYLRXVUHVXOWVE\RWKHUJURXSVVHH$QWRĔF]DNHWDOZHKDYHVKRZQWKDWODVHUFRORUDWLRQLVTXLWH
VHQVLWLYHWRWKHSURFHVVLQJSDUDPHWHUV,QIDFWWKHFRORUDWLRQLVWKHUHVXOWRIDQLQWHUIHURPHWULFHIIHFWLQWKHJURZQ7L
R[LGH OD\HUV WKDW DSSHDUV DV UHVXOW RI D ODVHU FRQWUROOHG LUUDGLDWLRQ E\ VFDQQLQJ D VXUIDFH 'LIIHUHQW SURFHVVLQJ
SDUDPHWHUVVHHPVWRLQIOXHQFHWKHJURZWKRI WKHVHR[LGHOD\HUVDQGWKHUHE\PRGLI\LQJWKHFRORUREVHUYHG$VWKH
VL]HRIWKHVXUIDFHWREHFRORUHGLVDOVRDSDUDPHWHUWREHRSWLPL]HGDFXVWRPL]DWLRQLVUHTXLUHG:HKDYHVKRZQ
WKDWWKHFRORUVJROG\HOORZEOXHDQGSXUSOHFDQEHREWDLQHGLQDUHSURGXFLEOHPDQQHULQVPDOOVXUIDFHVZLWKDUHDVLQ
WKHRUGHURIDIHZPP7KLVPDNHVWKHODVHULQGXFHGFRORULQJWHFKQLTXHDQLGHDOWRROWREHXVHGZKHQFRORULQJKLJK
FRVW SDUWV LQ FRQWUDVW WR RWKHU WHFKQLTXHV ZLWK OHVV UHSURGXFLEOH FKDUDFWHULVWLFV DV WKH DQRGL]DWLRQ )XUWKHU
H[SHULPHQWDWLRQZLWKFRQWURORIHQYLURQPHQWSDUDPHWHUVVXFKDVWHPSHUDWXUHRUJDVLVUHTXLUHGWRREWDLQWKHFRORU
JUHHQZKLFKVWLOOVHHPVWREHDFKDOOHQJHIRUWKHWHFKQLTXH
5HIHUHQFHV
$QWRĔF]DN $ - ā6WĊSDN % .R]LRá 3 ( $EUDPVNL .0  7KH LQÀXHQFH RI SURFHVV SDUDPHWHUV RQ WKH ODVHULQGXFHG FRORULQJ RI
WLWDQLXP$SSOLHG3K\VLFV$
7DNLNDZD+0DWVXL76DNDNLEDUD7%HQGDYLG$0DUWLQ3-3URSHUWLHVRIWLWDQLXPR[LGH¿OPSUHSDUHGE\UHDFWLYHFDWKRGLFYDFXXP
7KLQ6ROLG)LOPV±
7HQJ .6 'HOSODQFNH -/ =KDQJ - 2¶NHHIH 7- (OHFWURFKHPLFDO FKDUDFWHUL]DWLRQ RI FRSSHU GHSRVLWHG RQ SODVPD DQG WKHUPDOO\
PRGL¿HGWLWDQLXPVXUIDFHV0HWDOO0DWHU7UDQV%%
*DUDSRQ&&KDPSHDX[&0XJQLHU-3DQF]HU*0DUFKHW3&DWKHULQRW$-DFTXLHU%3UHSDUDWLRQRI7L2WKLQ¿OPVE\SXOVHG
ODVHUGHSRVLWLRQIRUZDYHJXLGLQJDSSOLFDWLRQV$SSO6XUI6FL±±
/HH-+-DQJ*(-XQ<+,QYHVWLJDWLRQDQGHYDOXDWLRQRIVWUXFWXUDOFRORURI7L2FRDWLQJRQVWDLQOHVVVWHHO&HUDP,QW
'RQJ+%HOO7(QKDQFHGZHDUUHVLVWDQFHRIWLWDQLXPVXUIDFHVE\DQHZWKHUPDOR[LGDWLRQWUHDWPHQW:HDU±
'LDPDQWL09'HO&XUWR%3HGHIHUUL03,QWHUIHUHQFHFRORUVRIWKLQR[LGHOD\HUVRQWLWDQLXP&RORU5HV$SSO±
2¶+DQD63LQNHUWRQ$-6KRED.*DOH$:/L//DVHUVXUIDFHFRORXULQJRIWLWDQLXPIRUFRQWHPSRUDU\MHZHOHU\6XUI(QJ
±
3pUH]GHO3LQR$6HUUD30RUHQ]D-/&RORULQJRIWLWDQLXPE\SXOVHGODVHUSURFHVVLQJLQDLU7KLQ6ROLG)LOPV±
3pUH]GHO3LQRÈ)HUQDQGH]3UDGDV-06HUUD30RUHQ]D-/&RORULQJRIWLWDQLXPWKURXJKODVHUR[LGDWLRQFRPSDUDWLYHVWXG\ZLWK
DQRGL]LQJ6XUI&RDW7HFKQRO±
/DYLVVH/*UHYH\'/DQJODGH&9DQQHV%7KHHDUO\VWDJHRIWKHODVHULQGXFHGR[LGDWLRQRIWLWDQLXPVXEVWUDWHV$SSO6XUI6FL
±
%DXID\/+RXOH)$:LOVRQ5-2SWLFDOVHOIUHJXODWLRQGXULQJODVHULQGXFHGR[LGDWLRQRIFRSSHU-$SSO3K\V
$UPVWURQJ154XLQQ5. $XJHU DQG;UD\SKRWRHOHFWURQ VSHFWURVFRSLF DQGHOHFWURFKHPLFDO FKDUDFWHUL]DWLRQRI WLWDQLXP WKLQ ILOP
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